
This Health Hazard Evaluation (HHE) report and any recommendations made herein are for the specific facility evaluated and may not be universally 
applicable.  Any recommendations made are not to be considered as final statements of NIOSH policy or of any agency or individual involved.   
Additional HHE reports are available at http://www.cdc.gov/niosh/hhe/reports 

 

This Health Hazard Evaluation (HHE) report and any recommendations made herein are for the specific facility evaluated and may not be universally 
applicable.  Any recommendations made are not to be considered as final statements of NIOSH policy or of any agency or individual involved.  
Additional HHE reports are available at http://www.cdc.gov/niosh/hhe/reports 

 

This Health Hazard Evaluation (HHE) report and any recommendations made herein are for the specific facility evaluated and may not be universally 
applicable.  Any recommendations made are not to be considered as final statements of NIOSH policy or of any agency or individual involved.  
Additional HHE reports are available at http://www.cdc.gov/niosh/hhe/reports 

 

This Health Hazard Evaluation (HHE) report and any recommendations made herein are for the specific facility evaluated and may not be universally 
applicable.  Any recommendations made are not to be considered as final statements of NIOSH policy or of any agency or individual involved.  

 

This Health Hazard Evaluation (HHE) report and any recommendations made herein are for the specific facility evaluated and may not be universally 
applicable.  Any recommendations made are not to be considered as final statements of NIOSH policy or of any agency or individual involved.  
Additional HHE reports are available at http://www.cdc.gov/niosh/hhe/reports 

 

applicable.  Any recommendations made are not to be considered as final statements of NIOSH policy or of any agency or individual involved.  
Additional HHE reports are available at http://www.cdc.gov/niosh/hhe/reports 

 

adz1

adz1

adz1

adz1

http://www.cdc.gov/niosh/hhe/reports
http://www.cdc.gov/niosh/hhe/reports
http://www.cdc.gov/niosh/hhe/reports
adz1
97-0265-2781

adz1

adz1

adz1
This Health Hazard Evaluation (HHE) report and any recommendations made herein are for the specific facility evaluated and may not be universally
applicable. Any recommendations made are not to be considered as final statements of NIOSH policy or of any agency or individual involved.

adz1
universally

adz1

adz1

adz1

adz1

adz1


adz1

adz1

adz1

adz1

adz1

adz1

adz1

adz1

adz1

adz1

adz1

adz1

adz1

adz1

adz1


adz1

adz1
NIOSH HEALTH HAZARD EVALUATION REPORT



, .-·~ . . 

The National Institute for Occupational Safety and Health (NIOSH) conducts field investigations of 
possible health hazards in the workplace. These investigations are conducted under the authority of 
Section 20(aX6) of the Occupational Safety and Health {OSHA) Act of 1970, 29 U.S.C. 669{aX6) which 
authorizes the Secretary of Health and Human Services, following a written request from any employer 
or authoriz.ed representative of employees, to determine whether any substance normally found in the 
place of employment has potentially toxic effects in such concentrations as used or found. 

NIOSH also provides, upon request, technical and consultative assistance to Federal, State, and local 
agencies; labor; industry; and other groups or individuals to control occupational health hu.ards and to 
prevent related trauma and disease. Mention of company names or products does not constitute 
endorsement by the National Institute for Occupational Safety and Health. 

This report was prepared by Greg Kullman., Hector Ortega, and Jeana Wedgewood of the Field Studies 
Branch. Division of Respiratory Disease Studies in Morgantown, WV. Field assistance was provided by 
Tina Gomberg, Hector Ortega, and Greg Kullman. Desktop publishing was performed by Teny Rooney. 

Copies of this report have been sent to employee and management representatives and the OSHA 
Regional Office. This report is not copyrighted and may be freely reproduced. Single copies of this 
report will be available for a period of three years from the date of this report. To expedite your request, 
include a self-addressed mailing label along with your written request to: 

NIOSH Publications Office 
4676 Columbia Padcway 
Cincinnati., Ohio 45226 

800-356-4674 

After this time, copies may be purchased from the National Technical Information Service {NTIS) at 
5825 Port Royal Road, Springfield, Virginia 22161. Information regarding the NTIS stock number may . 
be obtained from the NIOSH Publications Office at the Cincinnati address. 

For the purpose of infonning affec:ted employees, copies of this report shall be 
posted by the employer in a prominerit place accessible to the employees for a 
aeriod of 30 calendar days. .. . . . 
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Health Hazard Evaluation Report 99-0265-2781 . 
AFG Industries 
Bridgeport, WV 
February 2000 

Greg J. Kullman 
Hector G. Ortega 

Jeana M. Wedgewood 

1n 1u1y 1997, the Nationai. lnstitule for Occupational Safety and Health (NIOSH) ~a request for a health 
hazard evaluation and teclmica1 assisllmce (HHE} fiom the l1nil1ld Skel Workers of Americ:a (USW A) to 
investigare possible m;piralOly problems at AFG lnduslries in Bridgeport. Weilt V'aginia AFG Induslries 
produces sheet glass fiom raw materials. The m;piralDiy health concerns cited in die n:qOest included 
breathing problems and irritation including D05e bleeds; and exposure concans included adipic acid, 
ayslalline silica, a.<bestos, sulfur dioxide (SOz}, and nuisance dusls.. A walk-through suryey was Cll1llducted on 

Seplrmber23, 1997. Two induslrial hygiene surveys - coochxm! Oii May 18 and June 10, 1998. During 
these surveys, samples wa-e colleded for respirable dust and respirable ayslalline silica, adipic acid. and SO,. 
Medical reaxds wa-e reviewed fiom 10 workers who complained of work-relaled m;piratllly illness. A self­
administen:d questionnaire was mailed to all employa:s during August and Seplrmberof 1998. Pailicipants 
- asked about upper and Iowa- m;piratllly symptoms, skin and eye symptoms, jitisonal health hislllry, 
work hislllry, work activities, and mbacco use. c, 

Four ptisonal and two area samples wa-e colleded fur respirable dust and respirable ayslalline silica; all 
samples wa-e colleded fiom the silo tower area (the hot end ofthe plant). The respirable dust samples ranged 
fiom 031m'lfm'to4.86 m'lfm'. The jitisonal ayslalline silicaconceubatiousf!ID&Cd fiom 0.09 m'lfm3 to03S 
m'lfm'. The workers assigned to the salo tower used m;piratllly protection by company policy. The cfispnsable 
respirators used byworkers had Bil assigned pn:Jb:dioo factor(APF) oflO and, when used pmperly, would 
reduce eXposures ten-fold. Thus, these ayslalline silica exposures, if attenuated by proper respirator use, 
would be below the existing Occupational Safety and Health Administration (OSHA) Pc:nnissible Expnsiire 
Limits {PEL), the NIOSH Rerommended Exposure Limit (REL), and The American Coofen:nce of 
Govemmenlal lnduslrial Hygienists (ACGIH), Threshold LiMit F.xposure Values (IL Vs). However, the 
results fiom crystalline silica sampling demoosbate the poemtial for ova exposure among workers in the silo 
tower area if m;pirators are not used or used imptOptily. · 

Fifteen total dust samples wa-e colleded fur adipic acid in air including 14 jitisonal samples and l area 
sample. Adipic acid was used in the cold end ofthe plant. The total dust CDOCCOtratious fiom tkis area ranged 
fiom 0.25 m'lfm' to a high of 1.68 mWni'. The total adipic acid ooncentratioos ranged fiom 0.01 m'lfm' to a 
high of 0.89 m'lfm'; the mean adipic acid conceubatioo fiom the total dust samples was 0.10 m'lfm3with a 
standard deviation (SD) of022 m'lfm'. The adipic acid oouteut ofthe airborne total dust samples ranged fiom 
3% to 53% by weight; the mean percent by weight adipic acid concentration in airborne 1Dllil dust was 13.8% 
with a SD of 12".4. These concentrations wa-e below the existing ACGIH lLV. Sulfur dioxide was not 
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detected in any of the seven short term area samples taken. Plant management reported 1hat asbestos ma1eria1s 
bad been removed from the plant and DO friable asbestos insulation was observed dwing Ibis S1DVey. 

Of die 312 questionnaires mailed, 144 ( 46%) were returned; 138 had complete infonnation and were used for 
die analysis. Results of self-reported respiratory symptoms showed cough in the morning by 42"/o, phlegm in 
the morning by 47"/o, chest tightness by 53o/o, and whet= by 52%. Symptoms were also stratified by smoking 
Slalus and job categOI}'; results indicated that lower respiratory symptoms increased among former smokers 
from the hot end. Overall, work-related health problems were reported in 47"/o of the workers. These 
conditions included upper respiratory symptoms by 60"/o, mucosal irritation by 26"/o, musculoskeletal by 18"/o, 
and hearing loss by 14%. Overall nasal bleeding was repoited by 25% (35 of_ 138) of the workers. 
Stratification by job categoiy indicated that 30"/o of cold end workers rqKH ted nasal bleeding, as did 23% of 
the hot end workers, 22% of the warehouse workers, and 7"/o of maintenance workers. The frequency of nose 
bleeding was rqxxted I to 4 times a year in 74% of the cases. Overall skin irritation was rq>Oited in 43% (59 
of 138) ofthe workers. Symptoms by job categ01y indicated 1hat 47"/o of cold end workers rqKHted skin 
irritation, as did 69% of the hot end workers, 17"/o of the warehouse workers, and 36% of maintenance 
workers. Overall eye irritation was rq>Olted by 71% (98 ofl38)ofthe workers. Symptoms by jobcategoi'"""'..,...Y 
indicated 1hat 75% of workers in the cold end reported eye irritation, 69% of the hot end workers, 57"/o of the 
warehouse workers, and from 79% of maintenance workers. These findings suggest a high prevalence of 
mucosal irritation symptoms among plant workers in bolh cold end and hot end areas. 

Thirteen cases of alleged pnewnoconiosis were identified in the OSHA 200 logs; Ibis prompted a review ofthe 
medical records. Ten medical records were obtained. Of these, the average age was 42 years. The mnure in 
the glass induslry was 21 years. Radiographic evaluations conducted by certified B Readers from a medical 
group cootracted by the company as well as NIOSH's B Reader physician did not docwnent any finding 
related with occupational pnemnoconiosis. 

A review of AFG's OSHA 200 log from 1996 included 63 cases of musculoskelelal injuries, seven cases of 
alleged pneumoconiosis, dtree cases of hearing loss, and two eye related injuries. During the first nine mondts 
of 1997,41 casesofmusculoskelelal injuries, one case of eye injury, and one case of SO, inhalation were 
rqxxted. 

These results fi:om crysllllline silica sampling from the silo tower area demonstrates die potential for 
oven:xposun: among AFG workers; overexposure risks would be attributable to DO respirator use or 
improper use in the silo tower area. Worker exposures to adipic acid did not exceed existing exposure 
limits recommended by die ACGIH or enfon:ed by OSHA. Workers in general had a high prevalence 
of irritative symptoms including nasal bleeding, skin irritation, and eye irritation. Recommendations 

for reducin2 and irritant ~ms~are~~~-~ --~in~di~is~~rennrt~~=========JI 

Keywords: SIC Code 3211, glass manufacturing, adipic acid, ayslalline silica, sulfur dioxide, respiratory 
irritants 
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In July 1997, the Natiooal Institute for Oa:upatiooal 
Safety llOd Heal1h (NIOSH) received a RqUeSt for a 
health ha7.ard evaluation (HHE) mm the United 
Steel Workers of America (USWA) 1D inveslig;ite 
posstble respiratory problems at AFG Industries in 
Bridgeport, WestVnginia AFGinduslriesproduces 
sheet glass mm raw materials using a float process. 
The HHERqUCStcitedexpmurecoocans including 
adipicacid. aystallinesilica,astw:si• 15,sulfurdioxide 
(SD,), llOd nuisance dusls. The n:spiratory health 
ooncems cited in 1he RqUeSt included breathing 
problems llOd irritation, including nose bleeds. 

A walk-through survey was conducted at AFG 
Industries on September 23, 1997. Two industrial 
hygiene surveys were conducted at the site on May 
18 llOd JIDlC I 0, 1998. Medical n:conls wae 
reviewedmm IOworkerswhooomplainedofwork­
related ~iratory illness. In August 1998, a self-. 
administered medical questionnaire was mailed lo 
each company employee. In November 1998, after 
receiving 1he industrial hygiene anaJytical Rsuits 
mm 1he laboratoly, bolh labor mx1 management 
were informed of 1he crystalline silica sampling 
results by 1i:lephone. This final report SUIJllllllrim; 
1he environmental and medical investigations llOd 
closes Ibis evaluation. 

·~ §! 
.~JJ 

./J 

The AFG Industries Inc. plant in Bridgeport, WV is 
one of 1he nation's leading producers of flat, clear 
glass producing on average S60,000tmsof glass per 
day with a plant capacity of 625,000 tms per day. 
The plant has been in operation since 1976. At die .. 
time of Ibis investigation. 1he plant • employed 
approximately 360 workers; plant operatiOos wae 7 
days per week, 3 shifts per day. > 

The raw materials used for glass manufacturing were 
received by rail and truck. Materials were received, 
stored, llOd mixed in a large lower silo. At 1he time 

of our investigation, the basic· ingredients nsed for 
glassman•ifac:tioingincludedsilicasand(60%),soda 
(19%), ca1ciwn (S%), salt cake (6%), dolomite 
(IS%), cmbon (<1%), and rogue (<1%). RecYcled 
glass was also used as an ingredient. Atta-mixing, 
1he ingredients are bauspocll:d by conveyor belt 1D 
1he furnace locared in the bot end ofthe plant. 

In the hot end of the plant, the raw materials are 
cmveyed into 1he furnace and heated 1D a 
lrmptiature of approximately 2900 degrees 
Fahn:nheit ("F). The furnace is opaaltd with a 
natural gas fuel soon::e. The raw materials are 
melll:d 1D form the glass. From Ibis point, the glass 
is cmveyed in a long sheet lhrough the various bot 

. end pm: designed 1D produce Oat glass of the 
specified physical PoPerties. Aftei- fonnation, the 

. glass is cmveyed into a tin float balh and lhrough 
roll machines 1D control the glass width llOd 
1hickness. so, is applied neiirthe end ofthe float tin 
balh as a lubricant lo pie went scratching of the glass 
bytherollers. Themmealingpocessfullows, where 
aoontrolled oooling lrmptialure is used 1ooblain 1he 
desin:d glass thickness llOd physical properties. 

The cold end productim pi'OCCSSCS include c:utting, 
packing, and closing of the glass product. Just prior 
1D the cutting process, a2"/o solution of adipic acid in 
water is applied 1D the glass 1D pe•alt staining. 
Next the glass is scon:d llOd broken 1D desin:d 
specifications; Ibis cutting pm:essocc:ursasa part of 
automated, line operations. Several glass cutting 
steps may be requin:d lo oblain 1he desired si7.e 

. specifications. Afterc:utting, the glass iscmveyed 1D 
the packing operations. Larger pieces of glass are 

. packaged on 1he main packing line while smalJel" 
pieces of glass are sent 1D a spurs packing line. 
During packing, workers IUDOVCthe cut glass mm 
the line by hand and slack it on metal I wooden 
pallets. Prior to packing, the glass is automatically 
dusted with a solid white powder called Luoor@. 

· •. The Luoor® also contains adipic acid and is applied 
· tO the glass for packing as an interdigitizing agentm 

prevent the glass ftom adhering and being SClldl:hed. 
The Lucot® is applied automatically by machine just 
prior to hand IUDoVal mm the line and hand 
packaging. After . packing, pallets C>f glass are 
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transported by a forlc lift to an adjacent area where 
plastic stretch wrap is applied to the glass pallets to 
secure the glass fur transport. Next, the pallets of 
glass are transported to a large warehouse area fur 
stOrage prior to clistnliution to marla:t. 

Industrial Hygiene Evaluation 

Induslrial hygiene air samples were collected from 
the AFG Industries Plant in Bridgeport. WV, on 
May 18andJune 10, 19'J8. Samples were collected 
fur several environmental ana1ytes including 
crysllllline silica, adipic acid, and SO,. Asbestos 
containing materials were no longer used in the 

lant. During each induslrial" h . p . ygiene survey, 
personal and area air samples were taken to 
determine the concentrations of crysllllline silica and 
adipic acid (in solid, powder form). Area samples 
were also collected to measure concentrations of 
SO,. Personal samples were taken to determine 
worker exposures while area samples were taken to 
determine the general, area coocenbations to aid 
estimales of wOrlcer exposwe. The sampling and 
analytical methods used fur this HHE are 
summarized in Table I. 

Cryslalline silica samples were taken only in the 
tower silo where silica sand and other glass 
iuanufacturiug materials were received, stored, and 
mixed. Adipic acid samples were collected from the 
cold end manufacturing operations proximate to the 
main and spurs packing operations where Lucor® 
was applied. Concentrations of SO, were measured 
at two gas cylinder stOrage areas and in a fmnace 
application area. 

Medical Evaluation 

Review '!{Medical records: Medical records were 
reviewed from ien workers who complained of 
work-related i'espiratory illness. 

~ -.-; 

Questionnaire: A self-administered questionuaire 
was mailed during August and September 1998. 
The questionuaire was sent to all employees 
identified in a list of worlcers provided by the 
USWA Participants were asked about upper arid 
lower respiratory symptoms, skin and eye 
symptoms, personal health history, work history, 
work activities, and tobacco use. 

Job Categories: In order to facilitate the analysis, 
workers were classified into one the followingjobs: 
hot end, cold end, warehouse, and maintenance. 

Data Analysis: Descriptive statistics and tables were 
produced with JMP S1art® Statistics version 32. l, 
SAS Institute Inc. Tables were also genaated using 
Excel sp:eadsheets. Differences were considered 
significant at a level of p < 0.05. 

Industrial Hygiene ResuHs 

Rapirable Dust and c.,staDioe Silica 

Table 2 presents the respirable dust and crysllllline 
silica sampling results from both personal and area 
samples. The table contains the following variables 
foreach sample: the sample number, the job or area, 
the sampling date, the sample air volume, the 
respirable dust concentration, and the crystalline 
silica concentration. Concentrations are piesented In 
milligrams of dust or crysllllline silica per cubic 
meter of air (mgfm'}. Four personal and two area 
samples were collected during two days of sampling; 
all samples were colleded from the silo tower area. 
The respirabledustsamples ranged from 031 my/m3 

to 4.86 mgfm3
• The area respirable dust 

concentrations were higher than the personal sample 
COllCef!tra1ions. The crysllllline silica sample 
concentrations (area and personal)rimged from 0.09 
mgfm3 to 0.89 mgfm'. The area crysllllline silica 
concentrations were higher than personal 
concentrations. The two workers assigned to the silo 
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tower (dry batch unloader and cullit 1ruck drM:r) 
wm: required 1D use respiramiy p•llmioo The 
NIOSH approved disposable n:spirators used by 
theseworkerswouldreduceexpt>S1m:s1eo-fuldwhen 
used poperly. Statistical n:sults. for 1he six 
respirable dust and ayslalline silica samples are 
p >rnted in Table 3. 

AdipicAdd 

Table 4 prmts 1he 1D1a1 dust and 1Dlal adipic acid 
sampling n:sults from fifteen filter • ' ette samples 
collecled from 1he cold end paclring and closing 
operations. The table pmlll 1he sample nmnber, 
1he job or area sampled. 1he sampling dale, 1he 
sample air volmne, 1he 1Dlal dust concentralioo, and 
1he adipic acid coucenbation. Coocentrations are 
j>IC iiled in milligrams per cubic meter of air 
(mglm'). Fifteen samples wm: collecled including 
14 persooal samples and I area sami>Ie. Table S 
provides Slatistical n:sults for 1he 1Dlal dust and 
adipic acid samples. The 1Dlal dust Wnceutiatioos 
rangedfrom0.2Smglm'toabighofl.68mglm3;1he 
mean 1Dlal dust conc:entration was O.SO my/nl with 
a SD of 035 mglm'. The tolal adipic ·acid 
conceubatioos ranged from 0.01 mr/ni' to a high of 
0.89mglm3;1hemeanadipicacidcoucenbationfrom 
1he IDlal dust samples was 0.10 mglm' with a SD of 
022 mglm'. The adipic acid o•de 11 of1he airborne 
1Dlal dust samples ranged from 3% to SJ% by 
weight; 1he mean pen::ent by -weight adipic acid 
conceubationinairborne1Dlaldustwas 13.8%with · 
a SD of 12"/o. (Note: See environmculal evalualion 
criteria in Appendix I). 

Table 6 p:escuts n:sults for1Dlal dust and adipic acid 
samples collecled using a two-stage cascade 
impactor, this sampler provides c:apabilityto resolve 
1he size cbaracb:ristics of 1he airborne partiwlale. 
Listed in Table 6are1he sample nmnber,job, dale, · 
air volmne sampled.1Dlal dust conceubatioo, adipic ·· 
acid concentration, and 1he pen::ent mass of adipic 
acid. Results are p : •b:d in mglm' for each Slage 
of 1he cascade impactor sample (stages l, 2, and 
Final) and for 1he 1Dlal sample (focal). Six samples · 
wm: collecled from 1he cold end packing and 
closing operations. The airborne 1Dlal ·.dust · 

·, 

conceutratioos collected ming 1he cascade impactor 
sampling methods rangCd from 0.29 mglm' to 2.1 I 
my/rtr; 1he mean tolal dust conc:eubation was 0.66 
my/rtrwithaSDof0.71 mglm'. Theairbomeadipic 
acid concentrations ranged from 0.02 mglm' 10 a 
high of 0.08 my/rtr; 1he mean adipic acid 
concen1J3lion was 0.0S myJrtr with a SD of 0.02 
my/rtr. Most of1he aiiborne adipic acid padiaiJate 
in these impactor samples (SJ%) wm: collected of 
1he first Slage of1he imparAnr sample; this 51age has 
a median aerodynamic cut point Of appoxinldtely 1 O 
micrmietcrs. Approximately 40% of1he aiiborne 
adipic acid was collecled oo 1he secOnd stage of1he 
inipactor. This stage collects particUlate with a 
smaller aerodynamic . size; il has a median 
aerodynamic cut point of appoximately 3.S 
miaometm.. Themnaining 16%ofadipicacidwas 
in 1he smallest size cafeg<liy and mained oo 1he 
impactor's back-up filter. Table Sp · ds S1nommy 
slaljdics for 1he 1Dlal dust and adipic acid samples 
collected by budl filter ca lie . and .impactor 
sampling methods. 

Other Coataminants 

Sulfur dioxide was nut ddec led in 1111}' of 1he seven 
short term area samples 1ala:o. 

Plant management repui led that all asf>ed•.. bad 
bceu n:maved from 1he plant. No fiiable asbc>1•15 
insulation materials wm: observed and no asbestos 
samples were 1ala:o. 

·Medical Results 

Of1he 312 questionilaires mailed in August 1998, 
144 (46%) were coinpleted Of these, six were 
removed from 1heanalysis bccan5e insufficient data.. 
Results are p lied as a peaceul; several questions 
of 11ie survey wm: not c:ompleb:d anc1 11ie actual 
nmnbc:rs are indicab:d in pwCuthesis. Among 1he 
participants who completed 1he qnestionnain: 94% 

· (i30fl38) were males, 1he mean age was 44 y.:ars 
(range 22-62). 

.. 
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Respiratory Symptoms 

Respiratoiy symptoms included cough in the 
morning in 42"/o (SS of 138), phlegm in the morning 
in 47"!.i (6S of 138), chest tightness in 53% en of 
138), and wheeze in S2% (71 of 138). Wheeze and 
phlegm and in the morning were increased among 
hotend workers(f able 7). The jlCicenl of symptoms 
stratified by smoking slatus is pcescnted in Table 8. 
Further analysis by smoking slatus and job categoty 
indicated that wheeze, cough, and phlegm in the 
moming'Mll'C increased among funner smokers from 
the hot end (fable 9). The percent of workers at the 
hotendthatneversmoked wasrelativelylow(23%) 
in conbast to cold end workers (48"/o). These 
observations are limited due to lhe small number of 
workers in most of the job categ<11ies. In addition, 
workers reporb:d nasal obslruction or postnasal drip 
in 80% (110 of 138). These symptoms were 
predominantly associated wi1h dust at work in S l% 
(S6ofl10). Nasal symptoms improved while away 
from work in 62"/o (69of112) of the participants. 

Put-medical History 

Medical conditioos such as bronchitis, sinusitis, bay 
fever, oraslhma'Mll'C similarly distnDuted among all 
job categories. Previous diagnosis of bronchitis was 
rep<>1b:d in 29"/o (JS oft 19), sinusitis in 37"/o (46 of 
124), bay fever in 26% (30 of 117), and asthma in 
I O"/o (11 of 111). 

Other Symptoms at Work 

Five jiCicent (6of130) of the workers had changed 
their job due to work-related health problems. Of 
these, three employees worked in the cold end area, 
two in the hot end area, and one in the warehouse. 
Overall, work-related health problems were repoited 
in47"/o(S9ofl26)oftheworkers. Theseconditions 
included: 60"/o upper respiratory symptoms, 26% 
mucosal irritation, 18% musculoskelelal problems, . 
and 14% hearing loss. Sixworkersiep<>11edaheallh 
condition that was not work-related 

Macosal and Skin Irritation 

Nasal bleeding was repoited in 2S% (JS of 138) of 
the workers. Nasal bleeding stratified by job ' · 
categocy was iep<>1b:d in 30% of the cold end 
workers, 23% of the hot end workers, 22% of the 
warehouse workers, and 7"/o of maintenance workers 
(fable 10). Fiftypercentofthecasesdidnotidentify 
a specific pattan, 11 % rep<>11ed ooset symptoms 
after the stutworlc, 11 % between onetothree boors, 
and 7% between four to eight~ The frequeotjr 
of nose bleeding was repoi led one to four times a 
year in 74% of the cases. 

Eye irritation was repoi led in 71%(98of138) of the 
workers. Eyeirritationstratifiedbyjobcategotywas 
repot led in 1S% of the cold end workers, 69% of the 
hot end workers, S7% of the warehouse workers, 
and 79% of maintenance workers (fable 10). Forty­
two percent of the symptoms were pr~s :nt from 7 to 
30 days, and more than 30 days in 33% of the cases. 
Eye symptoms improved while away from work in 
68% (69of102) ofthe cases. 

Skin irritation was repotled in 43% (S9 of 138) of 
the workers. Skin irritation stratified by jobcategocy 
wasrepotled in 47"/oofthecoldend workers, 69% of 
the bot end workers, 17"/o of the warehouse wodcers, 
and 36% of maintenance workers (fable 10). 
Duration of symptoms ranged from one day to more 
than one month. The tRquency of these symptoms 
was between one to two days in 61% ofthewodcers, 
from three to 30 days in 17"/o, and ·more 1han 30 
daysin22%. 

Review of Medical Records 

Fifteen cases of occupational pneumoconiosis were 
identified in the OSHA 200 logs. Of these, 4 were 
repotled in 199S and6in1996. The average age of 
Ibis group of workers was 42 years (range 3S-S9); 
the average temm: was 21 years. These cases of 
pneumoconiosis were in litigation at lhe time of Ibis 
investigation. Individuals worked 'in different job 
categories during Ibis period of time. Smoking 
history was available in only four workers wi1h a 
median time of 11 years. The symptoms reporb:d 
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- cough, shortness of breath, and wheeze. The 
average duration ofthese respilatay symplOms was 
6 years. . Medical 11:s1s used to evaluale these 
c:ooditioos included pulmllllaJ)' fimctioo 1l:sling. 
Nme workers '-e within oorma1 limits fOr FVC 
(fon:cd vital capa:ily) and FEY, (fon:cd expira!Dry 
volmneatme second)(> llO"A pmtictl:d). Only me 
worker bad lower FEY, with minnnal airway 
obslruction. Radiographic reports wm:re-evalualed 
byexaminalioo of chestx-raysacconlingtothe 1980 
Iirtematiooa1 .Labour Office (ILO) syslem by a 
NIOSH-airtifiedB Rcadec[aBRcadecisaphysician 
who bas demoostrated the ability to classify diestx­
rays fOr the pnemnOOODiosis (dust diseases of the 
lung)]. The findings - . not related with 
ocx:upalionaJ pneumocooiosis. 

OSHA200Log 

During 1995, AFG's OSHA 200 log included Tl 
musculoslreletal injuries (mosdy sprains and 
faceratioos), 8 cases of poeumoconiosis, S eye 
related injuries(foreign body),and3 casesofbearing 
loss. In 1996, 63 cases of musculoskeletal injuries, 
7 cases of pnemnoconiosis, 3 cases of hearing loss, 
and 2 eye related injuries (foreign body) wm: 
reported. During the first nine mootbs of l'Rl, 41 
cases of musculoslreletal injuries, me case of eye 
injwy,and me case of SO, inhalation wm: reported. 

Workers involved in the manufacturing of glass are 
exposed to a several diff.:1ent occupational health 
and safety lummls.5 The occupational exposure 
concenL'I c:ited ·in 1his health ha7Jinl evaluatioD 
request included sulfur dioxide. asbestos, cryslallioe 
silica, andadipic acid; the health sympfDllls reported 
in 1his request included hrralhingproblems aod nose 
bleroing. Both industrial hygiene aDd medical 
ass nents ·wm: completed to address these 
orenpatiooal exposures and health ClO!lCUDS at the 
AFG Industries plant in Clarlcsburg, WV. Asbestos 
materials are DO longer used in the plant according to 
plant management.. During the mvironmeutal 

. ::.. 

SU1Veys, insulatim materials res obiing asbestn<;. 
wm: not observed in any of the plant areas visited 

Sulfur dioxide is a commoo agent in glass 
manufacturing and the poo;.tial fOr worker 
exposures exists through both the application and 
Sloillge activities. SO, is a slroog irrilantto skin and 
mucus membranes including the upper respilatory 
tract. Some of the plant workers reported the 
occasional pesencc of irritating odors in the 
proximity of the sulfur dioxide Sloillge and 
application areas. Sulfur dioxide expogm:s have 
been an issue at 1his AFG Plant in ·the past as 
evidenc:ed by the previous NIOSH HHE project in 
1993 as well as 8n incident reported in the OSHA 

. 200 Log fOr l'Rl. However, dming our smveys, 
oooe of 1he samples fOr sulfur dioxide wa-e above 
detectable limits, (appoximately 05 ppm)- These 
samples - colleclt:d dming both industrial 
hygiene smveys &om Sloillge and application-.. 
The NIOSH REL fOr SO, is 2ppmasa1W A and S 
ppm as an exposure ceiling (C)-1 

Crystalline Silica is recognized ·as an exposim: 

ha7Jinl in the glass making industry.' Oven:xposures 
to ayslalline silica can cause a fOrm of 
pneumoooniosis called 1111irosis Silirosis resul1s 
&om inhalation of aysl3IIine silica, which exists in 
nature in wrious fOrms (e.g. alpha quar17, 
cristobitlite, tridyrDite). The classic type of 
pnewnoconiosis (silicosis) diM:lops in individuals 
wboexpeiiencemoderateexposureovermanyyars, 
usually I 0 to 20. Less common ·10rms of silicosis 
may develop with more intense short exposures. 
mluced particle size, or altered host respame 
Crystalline silica is also recognized to be a pm:ntial 
human carcinogen. 6 Cunent dust exposure limits 
exist to provide potmion &om cl i<:al siliaisis. 
The limits of respirable silica 1hat provide safety 
&om an excess risk of btoodlogenic cmcinoma, 
particularly in smokers, are not known. Thus, 
smoking cessation and prevention should be 
encouraged in workplaces with silica c::xposure. 

The results of the ayslalline silica sampling show 
. the polCntial for overexposure among workers in the 
silotowerarea. lbefourpersonalsamplescollecb:d 

. ~, 
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from the two worker.; in 1his area (batch tmloader 
and cullet1ruck driver) ranged from 0.09 mg/m3 to a 
high of 035 mgfm3 of ayslalline silica (alpba­
quarlz). The two area samples collected from 1his 
location had higher concentrations than the personal 
samples. The NIOSH REL for ayslal1ine silica is 
0.05 mgfm3 as a 1W A.1 The ACGIH® lLV for 
ayslal1ine silicaasalpba-quar1z is 0.1 mg/m3 also as 
a 1W A. 2 

. The OSHA PEL for ayslal1ine silica is 
based on the fullowing funnula: I 0 mg/m3 /("/O SiO, 
+ 2); 1his PEL is for 1W A exposures.' (Note: both 
labor ·and management were informed of these 
sampling results by relephooe once they were 
received from the laboratory). Worker exposures to 
ayslal1ine silica at AFG Industries were attenuated 
belowtheseexposurelimitsbytheuseofrespiratory 
prolection. NIOSH approved disposable respirators 
with an assigned protection filctor (APF) of I 0 were 
used by workers during sampling. Workers in the 
silo tower area were required by plant management 
to weal"respiratoryprotection when working in these 
areas. However, these sampling results suggest that 
the potential forayslalline silicaoven:xposureexists 
when respirators are not used or when used 
impcoperly. Consequently, a reduction of airbome 
contaminants by engineering controls is 
recommended llllher than the use of respiratory 
prolection. Respirators should be used as a 
secondaJy means of exposure control for aystalline 
silica in the silo tower area. The plant bas an 
existing respiratory protection progtant with 
respirator fit testing. Additionally, fullowing the 
tepOI ting of these sampling results, the plant fit­
tested and supplied workers in the silo tower area 
with ontMialf face-piece, air purifying respirators. 

Adipic acid is an aliphatic, carboxylic acid; its 
physical funn is that of a solid. whim powder. 
Adipic acid bas a variety of industrial uses including 
the manufacturer of nylon fibers, esters, and in 
plasticizers.. It is also a fuod additive .... Adipic acid 
was used predominantly in the cold end operations at 
AFG Industries. It was applied to the ·glass as a 2 % 
liquid mixture near the bridge operator's s1ation. 
The majority of the adipic acid used at AFG - · · 
Industries was in the product called Lucor®, an 
interdigitizing or interleaving agent fur glass 

. ..--: 

packaging, storage, and transport. This product is 
used in solid, powder funn to prevent glass panels 
from adhering and scratching during storage and 
transport. Lucor® is a mixture of adipic acid 
(approximately50%byweigbt)andLucite® beads­
a methyl methacrylale polymer (50% by weight). 
The product Lucor® was used at AFG Industries in 
1be cold pcocess areas. Workers in these areas were 
exposed to this material and adipic acid as it was 
applied to the glass, during glass handling I 
packaging, and by aerosolization of accmnulated 
powder observed on floors and surfaces near areas of 
application. 

Theindustrialhygienesamplingresultsindicaredthat 
airbome total dust concentrations in the cold end 
glass handling operations ranged from 0.02 to 1.68 
mg/m3 with a mean concentration of05 mg/m3 from 
the filter cassette samples. Adipic acid was pcesent 
in these airborne dusls, on average, at approximately 
14% by weight. The adipic acid concentrations in 
air ranged from approximately 0.01 to 0.89 mg/m3 

with a mean adipic acid concentration of 0.1 mgfm3 

(filtercassettesamples). Mostoftheairbomeadipic 
acid particulate (53%) was in an aerodynamic si7.e 
range with a median aerodynamic diamerer of 
approximately lOmicromererssuggestingdeposition 
in the upper airways. None of these adipic acid 
exposures measured at AFG Industries exceeded the 
ACGIB lLV of 5 mg/m3 as a lWA or the OSHA 
PEL fur Particulates Not Otherwise Regulated 
(PNOR), also 5 mg/m3

• However, 1his limitmay..wt 
be entirely appropriate as PNORs are defined as 
relatively nontoxic. Worker exposures to the 
Lucor® and adipic acid from the cold end packing 
lines were observed to occm as a result of: 1) 
materials application, 2) reaerosolization of settled 
particulate, and 3) by the manual removal of glass 
sheets from the line and SlllCking onto pallets. Some 
worker.; described worse- case exposure conditions, 
referred to as Snow an the Mountain, when exlra 
Lucor (adipic acid) was applied to the glass to 
prevent scratching per manufacturer's request 
Respiratory protection was not routinely used by the 
worlrers in this area. Floor fans were used in the 
packing area but they were not optimally positioned 
to direct aerosolized dust away from the packing 
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workers. A local exhaust system with a bag house 
filter collector was being inslalled oo 1he main line 
picking opeaatious 1D c:ootrol dust and adipic acid 
exposures; however, this system was notopeaational 
at 1he time of our smvey. This system, when 
operable, should help n:duce wtda- ecpoam:s Oil 

1he main line picking operatious by c:ootrolling 
adipic acid release dming application and also 1he 
reintraimneot of settled partimlate. 

An excess of respiratory symptoms in workers 
exposed 1D low molecular weight inilant finnes bas 
been repoilecl in several induslries. In particular, 
exposure 1D initauls in 1he silicoo carbide, synlhetic 
fibre, and dye industries bas been asOOciated wilhan 
increase in cough. phlegm, wheeze and dyspnea 
amoogworkers....., Allbougb,fuwstudiesbavebeen 
Iepoi red in the glass industry, 1he relared symptoms 
included chest pain, dyspoea, cough. and wheeze. D 

A report in a glass industry in 1he U.K. shmwd a 
significant excess of upper and lower respiratory 
symptoms (except wheeze) in a nuvloody seleded 
group ofworkers compared 1D matched c:ootrofs.M 
More rea;udy, a cohort study of 69 bottle glass 
mannfiid1J1:eworkersdemonstrared work-R:laredeye, 
nose. and 1hroat irri1atioo in 74% of1he workers. 
Other symptoms included c:ougb in 66% and 
shortness of breath in 64% of 1he exposed workers. 
There was no diffi:autce seen in the pat1em or 
frequency of symptoms he.tween bot and cold end 
workers.,. NIOSH conducted an investigation in a 
glass·industry several yairs ago. .. whue Luax® 
(adipicacid)wasmed. Among the exp IS!'Alworkus, 
46% (6of13)complained of eye and1hroat irri1atioo 
and 23% (3 of 13) of skin inilatiou. Results of 
personal brealhingmne and general air sampling for 
adipic acid shmwd levels below the analytical limit 
ofdetectioo." Then:sultsof1hisHHEsbaw-'ter 
symptoms similar lo other IqJOl1s tium the glass 
industry. In particular the findings of inacascd 
mucosa! and skin irri1atioo and lower respiratory 
symptoms. 

• ' <"- > 

Worker exposun;s to SO. l\'Ue below cleteclable 
levels dming 1his HHE .mm:y; however, SO. 
exposure incideols me n:potred on the OSHA 200 
Log and described by worters. suggesting the 
potential for periodic exposure problems. 
Fmployees inthesilotowermea(batchunloaderand 
culletbuckdriver)work in an UJViromnentwilhhigb 
COltcelltlatioos of ayslal1ine silica in air as 
demonslrated by sampling n:su11s &om this smvey. 
Attenuation of ayslal1ine silica exposures ·ID 
ax:qable levels was primarily clq:endentoo 1he use 

· of respirators as n:quirecl by company policy. These 
sampling n:suits suggest 1hat 1he potential for 
aystalline silica overexposure exists when 
respirators me not used mwheo used imptopealy for 
work in 1he Silo tower m:a. Adipic acid 
COUCdlbatious l\'Ue p:mt at qimntifiable levels in 
8ir samples &om in 1he cold end of 1he plant; 
however, wtda-exposun;s l\'Ue below1he existing 

· ACGIH 1LV for aclipic acid and the OSHA PEL 
(for PNOR). Fonner smokers &om the bot endmea 
rqxxred iiicmise wheeze and productive cough. 
This observation might be affected by the small 
nmnberof participauls in 1his smvey. Plant workers 
n:port a high prevalutce of irritative symptons 
including nasal blttding, skin and eye irrilatioos in 
relation lo other noo-c:xposed workers_ M 

I. When feasible, a recluction of airborne 
contuninants by enginceiing c:ootrols is 
recommencled wrsus the use of 1espiiabJiy 
protection. Respirators should be used as a 
secoodary means of exposure control for 
aystilline Silica in the silo. fower m:a. The 
inslallation of aclclitiooal engineeriOg cootrois is 
recommencled in the silo tower area to n:duce 
1heayslalline.silicaCOltcelltlatioos inairand1he 
potential for wtda-ovuexposun:s. This could 
include better enclosure and exhaust wotilation 

· at material mixing and transfer points in the silo 
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tower. Respirators should be used for 
intermittent, high exposure 1llSks (such as clean­
up activities, work in the pit, etc.} and during the 
improvement of existing engineering controls. 
Respirators should be used as a part of a formal 
respiratory protection program. Periodic 
resamp!ini for crystalline silica should be done 
to ensure that workers in the silo tower area are 
not oveaexposed. 

2. Both ·pre-placement and annual medical 
examinations for workers in the silo, exposed to 
cryslalline silica, should include: 

a}Amedicalsymptomsandoccupationalhistoiy 
to collect dala on worker exposure to crystalline 
silica dust are n:commended. This information 
should be collected from an employee by the 
heal1h care professional conducting the 
examination. 

b} Amwal chest x-ray (posll:rior-anterior 14" x 
17"}, pn:ferably oblained using a high kilo­
voltage technique, and classified by a B Reader 
according to the 1980 International Labour 
Organization (ILO} International Classification 
of Radiograpbs of Pnemnoconioses. This is a 
primary part of the respiratory protection 
program cum:ntly eslablished . 

c) Annual pulmonmy timction 1esls, including 
forced vital capacity (FVC) and forced 
expiratory volume at one second (FEV 1), using 
equipment and methods consistent with the 
American Thoracic Society (A TS) 
recommendations. Again this is a primaiy part 
of the respiratory protection program cwrently 
eslablisbed. 

3. Fmther reduction in worker exposures to 
Lucor® I adipic acid is recommended in the cold 
end packing areas to help reduce irritative 
symptoms experienced by workers in these 
areas. The installation and operatiQR of the local 
exhaust ventilation system should help control 
adipic acid concentrations in the cold end, main 
line operation. (Ibis system was nearing 

completiooatthetirneofoursurveysandshould 
be operational). Other recommended controls 
include: 

a} Whereposstl>le,considerproductsubstitution 
to interdigitizingagents a lower conteid of adipic 
acid or other irritating agents. 

b) Use the minirnmn amountofLucor® I adipic 
acid possible to achieve good packing 
operations. If increased amounts are 
occasionally required (i.e~ Snow on the 
MOIDllain), alert workers to this situation and 
make available additional personal pmtective 
equipment (eye, skin, and respiratory 
protection). 

c} Improve plant housekeeping to pe.ent the 
accmnulation ofLucor® I adipic acid on plant 
floors and other surfaces to control exposures 
from the aerosoli7.3tion of settled particulate. 

d) Use the existing floor fans to better direct the 
air flow I adipic acid away from the workers 
during packing operations. 

e) Periodically sample workers in the cold end 
packing operations to evaluate adipic acid 
exposures and the effectiveness of exposure 
control methods. 

If these control options are not sufficient to 
reduce adipic acid concentrations to a level 
which controls worker irritative symptoms, 
additional engineering controls should be added 
to the packing lines to reduce exposures. 

4. Medical Screening: A medical monitoring 
program should be in place for the early 
detection and prevention of acute and chronic 
work-related adverse health effects. This may 
include complete physical examination with 

. .. particular attention to the respiratory system. 
Workers with clinical evidence of mucosal 
irritation symptoms should receive a more 
thorough medical evaluation and 1argeted 
exposure control efforts. 
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5. . Smoking should be prolul>ill:d inside the 
facility, it should be ooJy be allowal OUlside or 
in clesignll1rd areas widJ dependent eghinJst 

w:ntilation such that smoke is not te-ein::ulaled 
widiinthebuilding. &np~whocontimieto 
smoke should be counseled on how smoking 
may ex:acabate the adverse heallh effects of 
occupatiooal respindllly ba23rds.. 

6. Promptly respond to and com:ct any so, 
releases to prevent worker oven:xposmes. 
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. 
.· . • SubSbuiai ·.: . -. - - -· 

Respirable Dust and 
Respirable 
Cryslalline Silica 

Airlxxne Dust and 
AdipicAcid 

Tolal Dust and 
AdipicAcid 

Sulfur Dioxide 

Table 1. Air Sampling and AnalyticaJ Methods 
HHE 97-0265, AFG lnduslries, Bridgeport, West Vuginia 

: SampllngMeo . 
. . - - . - - -

Flow Rate oPin) ·. ·-"'.;··- ; Analytical Method. • 

10 mm nyloO cyclone 1.7 I. Gravimetric analysis by NIOSH 
with PVC filters Analytic:al Method (NAM) 0500 ( ... 

cditim) 
2. Cryslalline silica by NAM 7500 

Two-srage cascwk 2.0 I. Clravimelric analysis by NAM 
impactnr with 1cfloo 0500 (46 cditim) 
iaupacloi subsliates 2. Adipic Acid by HPLC 

37 mm lcfton filters in 2.0 I. Clravimelric analysis by NAM 
a closed-face tilter 0500 ( ... cditim) 
• assette 2. Adipic Acid by HPLC 

Short 1l:nn, colormetric - Direct reading-wuceubatiun 
indicator 1Ubes determined by colormetric indicators 

Oil the indicator tube 

HPLC- High Pafonnanc:e Liquid <llromatography, PVC - Polyvinyl ClJloriclc; mm - millimeter. 

,._11 

adz1

adz1

adz1

adz1
97-0265-2781



Table 2. Rrspirable Dust and Cryslalline Silica Sampling Results 
HHE 97-0265, AFG Industries, Bridgeport, West Virginia 

98-633 Dry Batch 6110/98 0.70 0.47 0.22 
Unloader 

98-836 

98-629 

98-621 

98-638 

98-645 

,,_12 

DryBatch 5/18198 0.71 130 035 
Unloader 

CullitTruck 6110/98 o:n 031 0.17 
Driver 

CullitTruck S/18198 o:n 4~86 0.09 
Driver 

Area- 6110/98 0.71 130 0.89 
Outside Silo 

Area-Outside 5/18198 0.70 153 0.68 
Silo 

Table 3. Summary Sampling Results for Rrspirable Dust ud Cryslalline Silica 
HUE 97-0265, AFG Industries, Bridgeport. West Virginia 

Respirable Dust (Area & 
Personal) 

Ctystalline Silica 
<Area & P=onaO 

6 

6 

1.63 

0.40 

1.66 031 to4.86 

032 0.09tD0.89 

· .. " 
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TOie 4.. Total Dmt and Adipic Add Sampling Results 
HFIE 97-0265, AFG Induslries, Bridgeport, West Vuginia 

. '-:-· - ;~ . . - .. ' 
.. . 

··-.• 'i0caii5~- ·, -. 
AdiPk:Add '.&mipI~••• 

. ' .. ·---
~pie '_-_ JOO/Area.-

-Volume: , :omienirirtiOn-~ concentration . -
- (ni') -_Number' 

>.· ': -<. : . ' • 
~ Date - ~(mg/in') . · . -_ .· (lllgfm') - .. .. . • . . _-, 

.- . - -- -. ' 

223 Packer-ML' 6110/98 0.79 032 0.03 

224 Packer-SL' snlll98 0.79 051 0.14 

225 Packer-ML' snlll98 0.77 0.64 0.()4 
.. 

226 
Packer ML'&; 

S/111198 -0.81 0.44 0.05 
SL' . . 

227 
Back-up Bridge 

6110/98 0.76 025 0.04 
Operatol 

228 Packer-ML' 5n8198 0.78 028 0.02 -_ 

229 Clean-up- ML' S/18198 0.76 056 0.04 

230 PackercSL' 6110/98 0.73 . 0.60 0.07 

231 Lift Operator 6110/98 0.76 028 0.03 

232 
Bridge Back-up 

S/111198 0.83 0.41 0.06 
Operator 

235 
Packing: Bridge 

siJB/98 0.79 1.68 0.89 
-. lJtili1y 

237 . Closer 6110/98 0.74 034 . 0.03 
. 

239 
Lift Operatol - snlll98 0.76 : 029 0.03 

ML' 

240 
Area-Glass 

6110/98 0.82 036 0.01 
Dwnp-ML' 

242 - ~ML' 6110/98 O.BS 036 0.04 • . . . 
I ML: Main line, SL: Spurs Line 
1 Peacent-by-weight adipic acid in airborne Iota! dust. 

, . 

: '._ ... - - . 
%Adipic 

-. Aeid2 
. . - . 

' 9.4 

26 

62 

11 

16 

7.1 

7.1 

12 

11 

IS 

53 

8.9 

10 

28 

11 

,._,3 
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Table 5. Descriptive Statistics tor Total Dust and Adipic Acid 
HHE 97-0265, AFG Industries, Bridgeport, West Virginia 

' ,_ 
--:-· ----_-• 

~ •,.-' ":' , ~ - ~ •: ;. -
;:· ·''; substance , 
~.. . ·;.:., ; 

--"''. 
- ~ ,_ -,- ~ ::._ -. 

AdipicAcid 
{Impactor Samples) 

TocalDust 
{Impactor Samples) 

AdipicAcid 
(Filter Qissette Samples) 

TocalDust 
iltec Cassette Sam les 

SD - Standard deviatioo. 

:; ~'::~ / :<·c::~\: 
j" ~· ~--

..;:_, -._ .- ~--'-7"',...._, - ': ~ __ ,; -

6 0.05 0.02 

6 0.66 0.71 

15 0.10 0.22 

15 050 035 

0.02 to0.08 

029to2.11 

0.01 to0.89 

025tol.68 
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Table 6. Adipic Add Impactor Slunp6ng Results (Cavwle Impactor) 
HHE 97-0265, AFG lnduslries, Bridgeport. West Vaginia 

• :Salnple 
, ' ,. 

~.Sainple . TOraJDUSt 
. 

':Jobi~ ·-
vcilume·.~ . . Adipic Acid Ai!ipicAcid . 

.Number. • Date , (1111) con<:cmgtm') · .Omc(mg,ni')· _PmimMa$4·_ ·- - . .,_ ~ 

. 
,;,. - - -. 

248-1 Pa:m-ML (j(J~ ' O.SI 0.19 om 41 
. 

248-2 Pa:br-ML (j(J~ O.SI 0.12 om S2 

243-F Pa:br-ML (j(J~ O.SI 0.12 ND' <I 

248-Tolal Pa:br-ML 0.43 . OJM 

€;249-h:·, ~1kil'lgclllility~k ·91.«Wa ''o.116 ~1;····.fi.21 ___ :l'c~•~OJM -- ''--_···"48·--:~ 

~;·249:-i'~ ~·ilridgcrnfutf.,L _·(in003·~ ' li:a6c r:~~07, - ;iioi ·"c- ·'- jo'<:~: 

,:(w:F;:'.( ;;.-iJiilitYJ~ ;611008-: <06' ; /Cl.fr .· :.' .-1~;.;ciaz ~- ~ c·22 :c ~'· 

''249-totli~ ·*UilitY''L '.·~-:·c'"; ~: , .,.~.11.39 . -9.oi1;.;.- · --- -
250-1 Pa:br-ML G.12 0.11 0.02 S2 

250-2 Pa:hr-ML- G.12 OJl8 . 0.02 •• 41 

Pa:br-ML G.12 O.Cl'J ND' <I 

:ZSO.Tolal 028 0.0f 

:o.is 

·0.10 
- _- -_ ::;_ "•--

·.· 0.02 

-. -- . 0.42 --- ---_- .-

2"-1 S/181911 0.76 IJll 0.02 100 

25S-2 An:.Main Linc S/181911 0.76 0.10 <I 

25S-F An:. Main Linc 0.76 0.19 <I 

2"-Tolal An:. Main Linc 2.10 0.02 
- ·. 

- 0.17 • ,-OJ)] . - - -;-_~49-- -

c .. ~.:£ .. ~c >--~$1;~•c:i•-S'JB.'9s~; -~ ·0.SJ· ·'- CQ.01 .i·•No'.~•·i · .. •- ~1··:-, 
~i:~TOtat·~;- ~ :,--)~sL-~---;o - .i ->~=--~~-~ _:~ ~- '~O_--~~- --~- '--_-'. -030~ -_.-o--. '-0.06 -- -- -_; ----.~~~->~"<- -~ ---·~~ ~-

'Slmplcmmbcr' "g '"''" 1;2.IDllFidc<.,impo<tt,,...wilb-&rudyiWiiicaapodi(mmiaw--)af I =tllµm,2-1.s,..m,..iF 
-0.1,,m 
• ML: Mainline, SL; Spms Uno 
'NotdotedliJle,mmafdck:dioa(LOD)-SN-.. 
'By .... (fatal) . 
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Table7.Percentofsymptomsstratifiedbyjobcategory(N=l38) 

HHE 97-0265, AFG Industries, Bridgeport, West Virginia 

COID END(N=87) 34(39) 40(46) 44(51) 

HOTEND(N=14) 9(64) 10(71)* 10 (71) 

WARF.HOUSE(N=23) 9(39) II (48) 9(39) 

MA1N1ENANCE (N=l4) 6(43) 4(29) 9(64) 

TOrAL (N=l38) S8(42) 65(47) nc52) 
• p value <0.05, compared to maintenance 
t p value <0.05, compared to all categories 

Table 8. Percent of symptoms stratified by smoking slam (N=l38) 
HHE 97-0265, AFG Industries, Bridgeport, West Vuginia 

NEVER (N=S9) 14(24) 21 (36) 29(50) 

CURRENT(N=31) 22 (71)* 22(71)* 20(67) 

FORMER(N=48) 20(42) 21 (44) 22(46) 

TOrAL (N=l38) 58(42) 65(47) 72(53) 

• p value <0.05, compared to never and former smokers 

42(48) 

12(86)t 

II (48) 

6(43) 

71 (51) 

26(44) 

25 (80)* 

20(43) 

71 (52) 
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Table 9. Pa-cent of symptoms stratified by job ategory ud 111110king ICatm (N=l38) 

HUE 97-0265, AFG Industries, Bridgeport, West Vuginia 

I'::',·-~>- -~· > ·• :·COUGHINUIB · 'PHLEGMINTIIB •· 'CllF.ST .. 
i~: .... _· ~::. c. · .. · .. · :;¥~{%) · .. :,P.toRNn'fa~):_. ;;Jo~~). 
~:'·~o~ -ea-~3:: ~-· --~,, ---,.--~ __ __,,.._._,--'-'"--r-__,.---..-.;.....,-'----..--'--..---T-· ·-·-1 

,> .-SMOKING STA1US .. - . .. .. . 
- . •c .· . . 

'.: :,.::·>•-; ·--•.: ·.c• F ·~·_N-_°'-. .. C· I'_; ·N • :-f-: :Jil· c F ·N 

COW END(N=B7) 14 a 12 14 9 17 13 10 21 17 s 17 
(16) (9) (14) (16) (10) (20) (IS) (II) (24) (20) (9) (20) 

JIO'I'.END(N=I4) · ··_ •4·:- -s• . ., 4- >s*-' i . :-4 · 4 · -£~ : s ·.s.i - 2 
''.:c-.;, ':·_ ~ . : .. __ (29) (36):' ~Co>; .. (29). j36f; (7) (29): (29): {t4)" ·_(36). (36) (14) 

WAREHOUSE(N=23) 4 4 ISSI 4 41 )4 4 
(17) (17) (4) (22) (22) (4) (17) (17) (4) (13) (17) . (17) 

,:_.~:;: .. ;·-,:;:-~f14l !f ::-~ 3 0 
. 2· •.2.· "O. • . 4 - -!I . .·o . j ' 3 . .. 

(21). 
. · < . 

:.(ii) ~ (2l) ~Ole : .91>. (O}' (1-4): :(14) (29) (36): ;(0) (21) -

'JUTAL (N=IJB) 22 20 16 . 23 21 21 21 22 29 2S 20 26 
(16) (14) (12) (16) (IS) (IS) (IS) (16) (21) (II) (14) (19) 

C: Ommt smoker, F: F<J1J11er smoker, N: Never smoker 
• p value <0.0S, compaml to cold end 'Wilder.;; bot end workers compaml to oCher job cafegoiies was not 
stalistically significant diffdtuL 

Table 10. Percent ofB,mptoms wodated to mucmal irritation stratified by job category (N=l38) 
. . . HHE 97-0265, AFG Industries, Bridgeport, West Vaginia . 

COID END (N=87) 26(30) 41 (47) 65(7S) 

HOf END (N=IJ) . 3(23) 9(69) 9(69) 

WAREHOUSE (N=23) 5 (22) 4( 17) 13 (57) 

MAIN'IBNANCE (N=l4) · 1(7) 5(36) .11(19) 
·1----------'-+------+-------+------1 

1UfAL (N=IJS) 35 (25) 59 (43) 9S (71) 

,,_,7 
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Appendixl 
Evaluation Criteria 

As a guide to 1he evaluation of 1he 1137.ards posed by workplace exposures, NIOSH field staff employ 
environmental evaluation criteria furlhe &SS' •anent of a number of chemical and physical agents. 1bese criteria 
are intended to suggest levels of exposure to which most workers may be exposed up to I 0 bows per day, 40 bows 
per week fur a working lifetime without experiencing adverse health effects. It is, however, impor1ant to note that 
not all workers will be protected from adverse health effects even though lheir exposures are maintained below 
these levels. A small percenlage may experience adverse health effects because of individual suscepbl>ility, a 
pre-existing medical condition, andfor a hypersensitivity (allergy). In addition. some 1umirdous substances may 
act in combination with other workplace exposures, 1he general environment, or with medications or personal 
habits of lhe worker to produce health effects even if lhe occupational exposures are controlled at the level set by 
1he aileli<llL These combined effects are often not considered in 1he evaluation criteria. Also, some substances 
are absorbed by direct contact with 1he skin and mucous membranes, and thus potentially increase 1he overall 
exposure. Finally, evaluation criteria may changeoverlheyearsas new infurmation on lhetoxic effects of an agent 
became available. 

The primary sources of environmental evaluation criteria for 1he workplace are: (I) NIOSH Recommended 
Exposure Limits (RELs),2 (2) 1he American Conference of Governmental Induslrial Hygienists' (ACGIH®) 
Threshold Limit Values (IL Vs®),' and (3) 1he U.S. Department of Labor, Occupational Safety and Health 
Administration(OSHA)PermissibleExposureLimits(PELs).4 NIOSHencouragesemployerstofollowtheOSHA 
limits, 1he NIOSH RELs, 1he ACGIH TI. Vs, or whichever are 1he more protective criterion. 

OSHA n:quires an employer to furnish employees a place of employment that is free from recognized 1137.ards that 
are causing or are likely to cause death or serious physical barm.4 Thus, employers should wtdersland that not all 
lumirdouschemicalshavespecificOSHAexposurelimitssuchasPEL'sandSlEL's. Anemployerisstilln:quin:d 

i · by OSHA to pro1eCt lheir employees from ha7.ards, even in 1he absence of a specific OSHA PEL. 

A time-weighted average (IW A) exposure refers to 1he average airborne concentration of a substance during a 
nonna18-to-10-hourworkday. Some subslances have n:commended short-tenn exposure limits (STEL) or ceiling 
values (C) which are intended to supplement the 1W A where there are recognized toxic effects from higher 
exposures over 1he short-term. 

. Occupational exposure criteria for 1he air contaminants measured during this HHE are provided below as the 
NIOSHRELs,ACGIHTI..Vs,and OSHA PELs: 

Substance NlomIREL omIAPEL ACGffiTLV 

Qystalline Silica* 0.05 mWni' - (IW A) 
IOmglm' -(IWA) 

0.1 mglm'-(IWA) 
%Si02 +2 

AdipicAcid None S mglm' - (IW A)** S mglm' - (IW A) 

Sulfur Dioxide 
2ppm-(IWA) 

Sppm-(IWA) 
2ppm-(IWA) 

Snnm.-(C) S nmn - (SlEL) 

*Su>p • led hmnan carcinogen 
•• As Particulab:s Not Olherwise Regulaled (PNOR). This category is intended for inert or nuisance dusls - !isled 
specifically by subslance name, widi little polmtial for induclion of inflammation. 
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